Abstract We examined a newborn who had no bile and pancreatic ducts. Hydrops was evident after 29 weeks of gestation and she died shortly after birth, weighing 1,368 g. One of her siblings had died of hydrops at about six months of gestation, and there were two more miscarriages of unknown cause. At autopsy on the newborn, the liver had an abnormally round shape and the pancreas was not in the normal position. There was an ectopic small pancreas with normally developed islets. Histological analysis revealed the complete absence of extra-and intra-hepatic bile and pancreatic ducts. Immunostaining of these tissues showed no positive bile duct marker staining using epithelial membrane antigen and cytokeratin 19 in the liver. Albumin and a-fetoprotein staining was positive in the liver, and insulin and glucagon staining was positive in the remaining islets. Thus, this case is characterized by complete absence of bile and pancreatic ducts. These findings suggest the existence of a gene linked to the development of bile and pancreatic ducts.
Introduction
Liver and pancreatic buds in the human embryo appear from the foregut by four weeks of gestation. Each bud differentiates into tissues such as hepatocytes and bile duct epithelial cells in the liver, exocrine and endocrine cells of the pancreas, and pancreatic duct epithelial cells (Girbert 2000) . During the differentiation, each tissue requires a developmental process directed by intracellular signaling, governed by extracellular factors such as cell-to-cell contact, extracellular matrix and various cytokines. These changes are associated with alterations of gene expression, and a stepwise activation of transcriptional factors is required in this process (Duncan 2003; Wilson et al. 2003) . Although, precise events have not been elucidated, genes have been reported to be a key factor in the development of liver and pancreas. The abnormal expression of some of these genes is related to pathological features of the liver and pancreas (Duncan 2003; Wilson et al. 2003) .
Development of bile duct starts from differentiation of biliary precursor cells from hepatoblasts. The cells form a ductal plate, which is a continuous single-layered ring around the portal mesenchyme. The ductal plate becomes double layered and remodeling of the layer produces a bile duct, which is eventually incorporated into the portal mesenchyme (Lemaigre 2003) .
In animal studies, Pdx1 deficiency and Hlxb9 deficiency lead to agenesis of the pancreas and/or ectopic pancreas (Jonsson et al. 1994; Li et al. 1999; Harrison et al. 1999) . Pdx1 is one of the most important genes during early development of the pancreas and Hlxb9 seems involved in the early development of the dorsal area of the pancreas. In humans, PDX1 deficiency ranges from agenesis of the pancreas to maturity-onset diabetes of the young type 4 (MODY4) (Stoffers et al. 1997a (Stoffers et al. , 1997b . However, pancreatic ducts have not been affected in either PDX1 deficiency or Hlxb9 deficiency. In contrast, patients with Alagille syndrome, which is caused by mutation in the human homologue of Jagged-1 (Oda et al. 1997; Li et al. 1997) , the paucity or absence of intra-hepatic bile ducts is characteristic; however, congenital absence of interlobular bile ducts has not been noted in this syndrome, and pancreatic ducts are normal in patients with Alagille syndrome. Meckel syndrome is an autosomal recessive disorder characterized by hepatic ductal dysplasia, renal cysts and variably associated features including developmental anomalies of the central nervous system (Blankenberg et al. 1987) . However, complete defects of both bile and pancreatic ducts have not been described in the literature.
We investigated a newborn with a defect in extra-and intra-hepatic bile ducts, and the pancreatic duct with an ectopic small portion of the pancreas. The case suggested that there may be a gene responsible for the bile and pancreatic duct development and involved in the development of the pancreas.
Materials and methods

Specimen
Autopsy tissue was paraffin-embedded and sliced at 4 lm for hematoxylin-eosin staining and immunohistochemistry. First antibodies used were rabbit anti-albumin (1:100), rabbit anti-a-fetoprotein (AFP) (1:100), rabbit anti-glucagon (ready-to-use), guinea pig anti-insulin (ready-to-use), mouse anti-cytokeratin 19 (CK19) (1:400) and mouse anti-epithelial membrane (EMA) antigen (ready-to-use) (DAKO, Calif.). DAKO ENVISION kit/horseradish peroxidase (HRP) (DAKO, Calif.) and 3, 3¢-diaminobenzidine tetrahydrochloride (DAB) (Sigma, Mo.) were used to detect first antibodies. Paraffin sections of liver and pancreas were processed for light microscopic immunohistochemical analysis, as described (Nakamura et al. 2001) .
For immunostaining, sections were incubated with first antibodies at RT for 1 h. Thereafter, they were treated with DAKO ENVISION kit/HRP at RT for 30 min. To detect immunoreactivity, the sections were treated with DAB (0.8 mM) and observed under a fluorescent microscope, model IX70 (Olympus).
Case
An infant was born to a 28-year-old Japanese mother and a 28-year-old father after a gestation of 29 weeks and 2 days. The pregnancy, which was the mother's sixth pregnancy, was uneventful until 24 weeks when an ultrasonogram at a local hospital showed the presence of fetal hydrops and oligoamnios. The mother's blood group was B and Rh-positive. A test for parvo B19 IgG was slightly elevated, but IgM was negative. Serological tests for rubella virus, cytomegalovirus and toxoplasma were negative. Two days before admission, contractions began, vaginal bleeding started and the mother was given ritodrine hydrochloride. She came to the hospital in labour pain and with vaginal bleeding. The baby was delivered 1.5 h after admission. Oligoamnios was present. Apgar scores were 3 (heart rate, muscle tone and reflex irritability) at 1 min and 1 (heart rate) at 5 min, and the birth weight was 1,368 g. The skin of the infant was edematous and her abdomen was swollen with ascites. Malformation was not obvious from the outside. Cardiopulmonary resuscitation was begun, but her heart rate was 50/min as a maximum. Low compliance of lungs prevented oxygenation. An umbilical blood specimen was taken for laboratory checks (Table 1 ). The baby died 58 min after birth.
There was no obvious maternal infection or complication. The mother has a history of six pregnancies with two deliveries (Fig. 1) . There was one hydrops baby born at six months of gestation who died soon after delivery. There were two more spontaneous abortions. No consanguinity was noted in the family. Other information related to abnormality in the newborn was not forthcoming from this family.
Results and discussion
An autopsy on the newborn was done to determine the cause of hydrops and combined abnormalities. The liver had an irregular surface and a nodule-like structure on the cut surface ( Fig. 2A) . The pancreas was not in the normal position (Fig. 2B, C) . Absence of extra-hepatic bile ducts, gallbladder and left kidney, and hypoplasia of the right kidney were evident. The spleen seemed normal with two accessory spleens. An ectopic pancreas (8 mm in diameter) was attached to the caudal area of the spleen (data not shown).
Histological investigation of the liver sections stained with hematoxylin and eosin (HE) revealed the presence of fibrosis with reduced numbers of hepatocytes (Fig. 2D) . The structure of the liver plate was disrupted and most was occupied by regenerative nodules (Fig. 2D-F) . Portal veins and hepatic arteries were present; however, there was no bile duct or a bile duct-like structure in any part of the liver (Fig. 2E, F) . Extramedullary hematopoiesis was evident. In the ectopic pancreas, there were islets with an apparently normal structure (Fig. 2G ). Mononuclear cells were infiltrated particularly in the exocrine area of the pancreas (Fig. 2H) . Numbers of acinar cells were markedly reduced and were replaced by the mononuclear cells. There was no pancreatic duct or duct-like structure in the any area of the pancreas. In the kidney, glomeruli and renal tubules were normally present with no infiltration of inflammatory cells (Fig. 2I ).
Immunological analysis of the liver showed the hepatocytes to be positive for anti-albumin and a-fetoprotein staining (Fig. 3A, B) . As a control, we used a 30-week gestated newborn specimen from autopsy. In the control liver and pancreas, epithelial cells of ducts were positively stained with anti-EMA antibodies (Fig. 3C, D) . In contrast, there were only a few cells positive for staining with anti-EMA antibodies in the liver and pancreas from the newborn (Fig. 3E, F) . In addition, positive cells were present only in the primitive duct-like structure. These findings are consistent with observations on the liver and pancreas in case of the HE staining in which a structure of bile and pancreatic ducts was not evident.
Immunostained islets in the ectopic pancreas were positive for glucagon and insulin (Fig. 3G, H) ; however, there were notable variations in sizes of these islets. In the large islets, there was an ordered distribution of glucagon-positive cells and insulin-positive cells; the glucagon-positive cells were outside and insulin-positive cells were inside, the same as mature islets. The small islets were in clusters formed by insulin-and glucagon-positive cells, and these small islets were scattered between mature islets. However, the organization seen in larger islets was not recognized in these small islets. Amylase-positive cells were present in the exocrine region of pancreas (Fig. 3I) ; however, these cells are not associated with epithelial cells of the pancreatic duct.
These investigations revealed that visceral areas of pancreatic as well as both intra-and extra-bile ducts were absent, with the presence of liver fibrosis. The case is distinct from a bile duct atresia, because the case has a deficiency of both intra-and extra-hepatic bile duct and presence of lesion in the pancreas. Immunostaining of ductal epithelial cells demonstrated that only small numbers of duct epithelial cells were present in the liver and pancreas with no organization of a duct structure.
These observations suggested that the defects might exist at the developmental process of ducts that are common to both liver and pancreas.
There are only a few reports describing congenital defects in the development of the pancreas, including agenesis of beta cells, functional defects in endocrine cells, dysfunction of both endocrine and exocrine cells (Wildling et al. 1993; Stoffers et al. 1997b ). Developmental defects in the pancreas were often related to dysfunction of genes contributing to early development of the pancreas (Wilson et al. 2003) . Pdx1 is a transcription factor expressed in the foregut and is essential for development of pancreatic buds. In humans, defects in the PDX1 gene lead to agenesis of the pancreas (Stoffers et al. 1997b ). Animal models on developmental abnormalities of the pancreas, including Pdx1-, Hlxb9-and Hes1-knockout mice have been described. Pdx1-null mice are embryonic lethal at 6.5 days after birth and showed agenesis of the pancreas (Jonsson et al. 1994 ). Hlxb9-null mice had agenesis of the dorsal pancreas and died immediately after birth due to insufficiency of insulin secretion (Li et al. 1999; Harrison et al. 1999 ). Hes1-null mice developed hypoplasia of the pancreas with increased numbers of alpha cells (Jensen et al. 2000) . However, there were no specific genes described as being related to development of agenesis of the pancreatic duct. Thus, animal studies on the development of liver and pancreas did not show any specific genes involved in the development of both pancreatic and hepatic ducts (Table 2) .
In the mother, there were two sporadic miscarriages and one sibling had hydrops. This history suggested that there is a genetic factor related to defects in the liver and pancreas. These findings strongly suggest that this maybe a new entity of genetic defect related to the development of pancreatic and hepatic ducts. 
